94-21110 


REPORT  DOCUMENTATION  I  AD-A281  282 


PuOJk  reoortmg  Durden  ♦or  tni*  collection  of  information  >%  estimated  to  average  i  hour  t  I  Mai  I 

gathering  and  maintaining  the  data  needed,  and  competing  and  renewing  the  collection  MM  fl 

collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  I  nil  I 

Davis  highway.  Suite  1204.  Arlington,  vA  22202-4302.  and  to  the  Office  of  Management « 

1.  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  . ...  «rw™.  .. 

May  13,  1994  |  Final 

4.  TITLE  AND  SUBTITLE 

Conformation  of  Membrane  Proteins:  Bacteriorhodopsin 

6.  auTHOR(S) 

Gerald  D.  Fasman 


!Stmg  data  sources 
other  asoect  of  tn»s 
jrts.  1215  >etlerson 
0503 


J*  nsrwni  •  <  >  4  n<i^  i/n  i  « 


Final  1  Nov  92-15  Apr  94 
”  Is.  FUNDING  NUMBERS 
opsin  DAAH04-93-G-0007 


I  7.  PERFORMING  ORGANIZATION  NAME(S)  AND  AODRESS(ES) 


Brandels  University 

Waltham,  Massachusetts  02254-9110 


I  9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  AC 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


U.S.  Army  Research  Office  V 

P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-2211 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 


ARO  29714. 1-LS 


11.  SUPPLEMENTARY  NOTES 

The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the 
author (s)  and  should  not  be  construed  as  an  official  Department  of  the  Army 
position,  policy,  or  decision,  unless  so  designated  by  other  documentation. 
12a.  DISTRIBUTION /AVAILABILITY  STATEMENT  12b.  DISTRIBUTION  CODE 

Approved  for  public  release;  distribution  unlimited. 


1 13.  ABSTRACT  (Maximum  200  words) 

Bacteriorhodopsin,  from  the  purple  membrane  (PM)  of  Halobacterium 
halobium,  was  chemically  modified  with  methoxypolyethylene  glycol 
(MW  »  5000)  succinimidy!  carbonate.  The  polyethylene  glycol- 
bacteriorhodopsin  (m-PEG-SC-BR33)  conjugate,  containing  one  PEG  chain, 
was  water  soluble.  The  secondary  structure  of  the  conjugate  in  water 
appeared  partially  denatured  but  was  shown  to  contain  o-helical  segments 


(continued  on  reverse  side) 


14.  SUBJECT  TERMS 


15.  NUMBER  OF  PAGES 


Membrane  Proteins  16.  price  CODE 

Bacteriorhodopsin 


17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

UNCLASSTPTRn  UNCLASSIFIED  UNCLASSIFIED  UL 


|  UNCLASSIFIED 

NSN  7540-01-280-5500 


94  7  11  O26 


Standard  Form  298  (Rev  2-89) 

Prmcrtbas  by  ANSI  SM  239-'8 
298-102 


by  circular  dichroism  (CD)  spectroscopy.  The  isolated  bacteriorhodopsin 

conjugate,  with  added  retinal,  was  refolded  in  a  mixed  detergent-lipid  micelle 

and  had  an  absorption  maximum  at  555  nm.  The  refolded  conjugate  was 

transferred  into  vesicles  which  pumped  protons,  upon  illumination,  as 

efficiently  as  did  native  BR.  Modification  of  the  PM  with  methoxy- 
polyethylene  glycol  did  not  alter  the  native  structure  or  inhibit  proton 

pumping,  and  therefore  it  is  suggested  that  the  glycol  polymer  is  present  as 

a  covalently  linked  moiety  to  residues  unnecessary  for  proton  pumping  and 

proper  folding.  The  site  of  attachment  of  mPEG  was  determined  to  be  either 

at  Lys  129  or  Lys  159,  with  position  I  >s  129  the  most  probable  site  of 

attachment.  The  m-PEG-SC-BR33  could  be  stepwise  refolded  to  the  native 

conformation  by  the  addition  of  trifluoroethanol  to  lower  the  dielectric 

constant,  simulating  the  insertion  of  the  BR  into  the  phospholipid  bilayer. 


CONFORMATION  OF  MEMBRANE  PROTEINS:  BACTERIORHODOPSIN 


FINAL  REPORT 

GERALD  D.  FASMAN 

MAY  13,  1994 

U.S.  ARMY  RESEARCH  OFFICE 
CHEMICAL  AND  BIOLOGICAL  SCIENCES  DIVISION 

GRANT  NUMBER  DAAH04-93-G-0007 

APPROVED  FOR  PUBLIC  RELEASE 

DISTRIBUTION  UNLIMITED 


THE  VIEWS,  OPINIONS,  AND/OR  FINDINGS  CONTAINED  IN  THIS  REPORT  ARE 
THOSE  OF  THE  AUTHOR(S)  AND  SHOULD  NOT  BE  CONSTRUED  AS  AN  OFFICIAL 
DEPARTMENT  OF  THE  ARMY  POSITION,  POLICY,  OR  DECISION,  UNLESS  SO 
DESIGNATED  BY  OTHER  DOCUMENTATION. 


4. 


REPORT 


A.  STATEMENT-.QE.ERQBLEM 

Bacteriorhodopsin  (BR)  is  an  integral  membrane  protein  (248  amino 
acids)  which  catalyzes  the  light-induced  proton  translocation  across  the 
membrane  of  Ha/obacterium  halobium.  Research  was  directed  toward:  (1) 
the  elucidation  of  the  folding  path  of  BR  as  it  attains  its  final  conformation  in 
the  membrane,  and,  (2)  to  facilitate  goal  #1,  a  water-soluble  derivative,  a 
methoxy  polyethylene  glycol  derivative  (m-PEG-BR)  will  be  synthesized. 

B.  SUMMARY  OF  RESULTS 

Bacteriorhodopsin,  from  the  purple  membrane  (PM)  of  Ha/obacterium 
halobium,  was  chemically  modified  with  methoxypolyethylene  glycol 
(MW  =  5000)  succinimidyl  carbonate.  The  polyethylene  glycol- 
bacteriorhodopsin  (m-PEG-SC-BR33)  conjugate,  containing  one  PEG  chain, 
was  water  soluble.  The  secondary  structure  of  the  conjugate  in  water 
appeared  partially  denatured  but  was  shown  to  contain  a-helical  segments 
by  circular  dichroism  (CD)  spectroscopy.  The  isolated  bacteriorhodopsin 
conjugate,  with  added  retinal,  was  refolded  in  a  mixed  detergent-lipid  micelle 
and  had  an  absorption  maximum  at  555  nm.  The  refolded  conjugate  was 
transferred  into  vesicles  which  pumped  protons,  upon  illumination,  as 
efficiently  as  did  native  BR.  Modification  of  the  PM  with  methoxy- 
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polyethylene  glycol  did  not  alter  the  native  structure  or  inhibit  proton 
pumping,  and  therefore  it  is  suggested  that  the  glycol  polymer  is  present  as 
a  covalently  linked  moiety  to  residues  unnecessary  for  proton  pumping  and 
proper  folding.  The  site  of  attachment  of  mPEG  was  determined  to  be  either 
at  Lys  129  or  Lys  159,  with  position  Lys  129  the  most  probable  site  of 
attachment.  The  m-PEG-SC-BR33  could  be  stepwise  refolded  to  the  native 
conformation  by  the  addition  of  trifluoroethanol  to  lower  the  dielectric 
constant,  simulating  the  insertion  of  the  BR  into  the  phospholipid  bilayer. 
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